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FIG. 6A 
Mo-Ti-Ta 
deposited film 
(5 mTorr) 
Surface 

FIG. 6B 
Mo-Ti-Ta 
deposited film 
(8 mTorr) 
Surface 
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70 Deposited layer 
72 Substrate layer 

FIG. 7 

Mo-Ti-Ta deposited film (8 mTorr) - cross-section 
showing Columnar microstructure. 
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Cu-MoTiTa(200nm)-Simulti-layer before annealing 
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Cu-MoTiTa(200nm)-Simulti-layer after annealing (350C, 30 min) 
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FIG. 8B Depth (nm) 
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Cu-MoTiTa interface beforelafter anneal (350C, 30min) 
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MoTiTa-Si interface beforelafter anneal (350C, 30min) 
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102 Multi-layered structure for a flat panel display 
104 Substrate layer 
106 Deposited layer - Molybdenum containing layer 
108 Conductive layer 
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MOLYBDENUM CONTAINING TARGETS 

FIELD OF THE INVENTION 

The present invention relates generally to Sputter targets, 5 
methods for preparing sputter targets, methods of using the 
sputter targets in preparing thin molybdenum containing 
films, such as those used to make flat display panels (e.g., thin 
film transistor-liquid crystal displays) and photovoltaic cells, 
thin films made by the targets, and products incorporating the 10 
SaC. 

BACKGROUND 

Sputter deposition is a technique used to produce a metallic 15 
layer in various manufacturing processes used in the semi 
conductor and the photoelectric industries. With advances in 
the semiconductor and photoelectric industries, there are 
needs for sputter targets that meet one or more electrical 
requirements, durability requirements, and processability 20 
requirements. For example, there is a need for Sputter targets 
that are easier to process, that are less expensive, and that can 
be used to produce more uniform films. Furthermore, as the 
size of displays increases, the economic benefits of even 
modest improvements in performance becomes amplified. 25 
Slight variations in compositions of a sputter target could 
possibly lead to significant property changes. Moreover, dif 
ferent manners in which a target is made may lead to varied 
properties resulting from a target made using the same com 
position. 30 

Sputter targets made from a metal Such as molybdenum, 
methods for preparing them, and their use in flat panel dis 
plays are described in U.S. Pat. No. 7,336,336B2, and in U.S. 
Patent Application Publication No. 2005/01894.01A1 by 
Butzer et al, published on Sep. 1, 2005, each of which is 35 
incorporated herein by reference in its entirety. 

Sputter targets containing molybdenum and titanium, 
methods for preparing them, and their use in flat panel dis 
plays are described in U.S. Pat. No. 7,336,824B2 and in U.S. 
Patent Application Publication Nos. 2008/0314737A1 by 40 
Gaydos et al. published on Dec. 25, 2008, 2007/0089984A1 
by Gaydos et al., published on Apr. 26, 2007, and 2007/ 
0251820A1 by Nitta et al. published on Nov. 1, 2007, each of 
which is incorporated herein by reference in its entirety. 

Sputter targets containing molybdenum and a second metal 45 
are described in U.S. Patent Application Publication No. 
2004/0263055A1 by Chao et al. published on Dec. 30, 2004, 
2007/0122649A1 by Lee et al. published on May 31, 2007, 
and 2005/0230244A1 by Inoue et al. published on Oct. 20, 
2005, 2008/0073674A1 by Cho et al. published on Mar. 27, 50 
2008, and 2005/0191202A1 by Iwasaki et al. published on 
Sep. 1, 2005, each of which is incorporated herein by refer 
ence in its entirety. In the manufacture of many devices, thin 
film products are often built up layer by layer with one or 
more material removal steps (e.g., etching). To accommodate 55 
a wide selection of materials for enhancing design choice, it is 
attractive to be able to selectively control thin film etch rate 
(i.e., the rate of removal of material by etching). For example, 
it is attractive to be able to achieve certain etch rates by 
selection of an appropriate Sputter target. For example, it is 60 
attractive to be able to achieve certain etch rates by selection 
of an appropriate sputter target. It may be desirable for a layer 
deposited from a sputter target to have an etch rate that is 
compatible with the etch rate of one or more otherlayers (e.g., 
etch rates that are the same or differ by less than about 25%) 65 
and/or to have an etch rate that is different (e.g., by about 25% 
or more) from the etch rate of one or more other layers. 

2 
For example, for Some applications there continues to exist 

a need for sputter targets that produce deposited layers having 
relatively low etch rates, such as etch rates in ferricyanide 
solution lower than the etch rate of a layer deposited from a 
sputter target consisting of 50 atomic 9% molybdenum and 50 
atomic 96 titanium. There is also a need for Sputter targets for 
producing deposited layers having one or any combination of 
a strong adhesion to Substrates, a good barrier properties, an 
ability to reduce or prevent the formation of copper silicon 
compounds (such as copper silicide) when placed between 
Si-containing and Cu-containing layers, or a relatively low 
electrical resistivity (e.g., about 60 LG2 cm or less). Addition 
ally, there is a need for Sputter targets having one or more of 
the above properties, that is prepared from a heterogeneous 
material that can be processed into a sputter target using a step 
of rolling. 

SUMMARY OF THE INVENTION 

One or more of the above needs may be surprisingly met 
with a sputter target including molybdenum (Mo), titanium 
(Ti) and a third metal element, wherein the third metal ele 
ment is tantalum or chromium. The present invention in its 
various teachings thus pertain to such compositions and sput 
ter targets made with them, as well as resulting thin film 
products, and associated methods. 
One aspect of the invention is a process for preparing a 

sputter target and/or a blank that is used to manufacture a 
sputter target that includes a step of blending a first powder 
containing about 50 atomic 96 or more molybdenum, a second 
powder containing about 50 atomic 96 or more titanium, and 
a third powder containing about 50 atomic '% or more of a 
third metal element selected from the group consisting of 
chromium and tantalum. 

Another aspect of the invention is directed at a sputter 
target and/or a blank that is used to manufacture a sputter 
target comprising about 40 atomic '% or more molybdenum, 
based on the total number of atoms in the Sputter target; about 
1 atomic '% or more titanium, based on the total number of 
atoms in the Sputter target; and about 1 atomic 96 or more of 
a third metal element, based on the total number of atoms in 
the sputter target, wherein the third metal element is tantalum 
or chromium; so that the Sputter target may be used for pre 
paring a deposited film including an alloy, the alloy compris 
ing molybdenum, titanium, and the third metal element. 

Another aspect of the invention is directed at a sputter 
target and/or a blank that is used to manufacture a sputter 
target including at least about 40% by volume, based on the 
total volume of the sputter target, of a first phase, wherein the 
first phase includes at least about 50 atomic 96 of a first metal 
element (and thus may be said to be rich in the first metal 
element), wherein the first metal element is molybdenum; 
from about 1 to about 40% by volume, based on the total 
Volume of the Sputter target, of a second phase, wherein the 
second phase includes at least about 50 atomic 9% of a second 
metal element (and thus may be said to be rich in the second 
metal element), wherein the second metal element is tita 
nium, and from about 1 to about 40% by volume, based on the 
total volume of the sputter target, of a third phase, wherein the 
third phase includes at least about 50 atomic '% of a third 
metal element (and thus may be said to be rich in the second 
metal element), wherein the third metal element is selected 
from the group consisting chromium and tantalum, so that the 
sputter target may be used for preparing a deposited film 
including an alloy, the alloy comprising molybdenum, tita 
nium and the third metal element. It will be appreciated that in 
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the teachings herein, the third element may be replaced with 
a combination of chromium and tantalum. 

Another aspect of the invention is directed at a film (e.g., a 
sputter-deposited film) including about 50 atomic '% or more 
molybdenum, about 0.5 atomic '% or more titanium, and 
about 0.5 atomic 96 or more of a third element selected from 
the group consisting of chromium and tantalum. By way of 
example, one such film may have about 50 atomic 96 to about 
90 atomic '% molybdenum, about 5 atomic 96 to about 30 
atomic 96 titanium, and about 5 atomic 96 to about 30 atomic 
% of the third metal element (e.g., chromium, tantalum, or 
both). The film may exhibit a relatively low etch rate in 
accordance with the etch rate teachings herein. 

Another aspect of the invention is directed at a multilayer 
structure including a film deposited from a sputter target 
described herein. 

Another aspect of the invention is directed at a process for 
depositing a film on a Substrate using a sputter target 
described herein. 
The Sputter targets of the present invention may advanta 

geously be used to deposit a film having generally low etch 
rates. For example, the etch rate of the deposited film in 
ferricyanide solution at 25° C. may be about 100 nm/min or 
less, preferably about 75 nm/min or less, more preferably 
about 70 nm/min or less, even more preferably about 68 
nm/min or less, even more preferably about 65 nm/min or 
less, and most preferably about 62 nm/minor less. The sputter 
target may be used to deposit a film having strong adhesion to 
Substrates; having good barrier properties; that Substantially 
avoids the formation of copper silicide when placed between 
a silicon-containing layer and a copper-containing layer, hav 
ing low electrical resistivity; or any combination thereof. 
Advantageously, the Sputter target may be formed of a mate 
rial capable of being deformed, such as by one or more 
thermomechanical deformation operations. For example the 
sputter target may be prepared from a material capable of 
being rolled (e.g., through one or more rolling operations), 
preferably without cracking, so that large Sputter targets can 
be produced efficiently. It is also possible to make large tar 
gets by joining multiple individually preformed structures 
(e.g., blocks), e.g., by diffusion bonding via a hot isostatic 
processing operation, with or without powder between 
adjoining preformed structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustrative scanning electron micrograph of a 
sputter target including molybdenum, titanium, and tantalum 
using secondary electron imaging. The Sputter target prefer 
ably includes a molybdenum rich phase that includes 50 
atomic '% or more molybdenum, a titanium rich phase that 
includes 50 atomic '% or more titanium, and a tantalum rich 
phase that includes 50 atomic '% or more tantalum. 

FIG. 2 is an illustrative scanning electron micorgraph of a 
sputter target including molybdenum, titanium and tantalum 
using backscattered electron imaging. The Sputter target pref 
erably includes a molybdenum rich phase, a tantalum rich 
phase, and a titanium rich phase. 

FIG. 3A is an illustrative scanning electron micrograph of 
a sputter target including molybdenum, titanium, and tanta 
lum using backscattered electron imaging. As illustrated in 
FIG.3A, the sputter target preferably includes a molybdenum 
rich phase. 

FIG. 3B is an illustrative energy dispersive X-ray spectros 
copy graph showing the frequency distribution of X-rays hav 
ing energy from 0 to 20 keV energy for a region of the Sputter 
target of FIG. 3A. As illustrated in FIG.3B, the sputter target 
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4 
may include a phase that is essentially entirely (e.g., about 90 
atomic 96 or more, preferably about 95 atomic 96 or more, and 
more preferably about 98 atomic '% or more) molybdenum. 

FIG. 4A is an illustrative scanning electron micrograph of 
a sputter target including molybdenum, titanium, and tanta 
lum using backscattered electron imaging. As illustrated in 
FIG. 4A, the sputter target preferably includes a titanium rich 
phase. 

FIG. 4B is an illustrative energy dispersive X-ray spectros 
copy graph showing the frequency distribution of X-rays hav 
ing energy from 0 to 20 keV energy for a region of the Sputter 
target of FIG. 4A. FIG. 4B illustrates that the sputter target 
may have a phase that is essentially entirely (e.g., about 90 
atomic 96 or more, preferably about 95 atomic 96 or more, and 
more preferably about 98 atomic '% or more) titanium. 

FIG. 5A is an illustrative scanning electron micrograph of 
a sputter target including molybdenum, titanium, and tanta 
lum using backscattered electron imaging. As illustrated in 
FIG.5A, the sputter target preferably includes a tantalum rich 
phase. 

FIG. 5B is an illustrative energy dispersive X-ray spectros 
copy graph showing the frequency distribution of X-rays hav 
ing energy from 0 to 20 keV energy for a region of the Sputter 
target of FIG. 5A. FIG. 5B illustrates that the sputter target 
may have a phase that is essentially entirely (e.g., about 90 
atomic 96 or more, preferably about 95 atomic 96 or more, and 
more preferably about 98 atomic '% or more) tantalum. 

FIGS. 6A and 6B are illustrative scanning electron micro 
graphs of a surface of sputtered films deposited on a substrate 
using secondary electron imaging. The films are sputtered 
from a sputter target including a molybdenum rich phase, a 
titanium rich phase, and a tantalum rich phase. The deposited 
film preferably include an alloy phase containing molybde 
num, titanium and tantalum. 

FIG. 7 is an illustrative scanning electron micrograph of a 
cross-section of a sputtered film deposited on a Substrate. The 
film is sputtered from a sputter target including a molybde 
num rich phase, a titanium rich phase, and a tantalum rich 
phase. The deposited film preferably includes an alloy phase 
containing molybdenum, titanium and tantalum. The depos 
ited film may have a columnar morphology, Such as the mor 
phology illustrated in FIG. 7. 

FIGS. 8A and 8B are illustrative Auger Spectra of a mul 
tilayered structure including a silicon Substrate, a first sput 
tered layer including molybdenum, titanium and tantalum, 
and a second sputtered layer of copper. The spectra illustrate 
the compositions of Cu, Si, Ta, Ti, and Mo versus depth, 
before (FIG. 8A) and after (FIG. 8B) annealing for about 30 
minutes at about 350° C. 

FIGS. 9A and 9B are illustrative Auger Spectra of a mul 
tilayered structure including an interface between a first sput 
tered layer including molybdenum, titanium and tantalum, 
and i) a second sputtered layer of copper (FIG.9A) and ii) a 
silicon substrate (FIG.9B). The spectra illustrate the compo 
sitions of Cu, Si, Ta, Ti, and Mo versus depth, before and after 
annealing for about 30 minutes at about 350° C. 

FIG. 10 is an illustrative multi-layered structure including 
a Substrate layer, a molybdenum containing layer, and a con 
ductive layer. The molybdenum containing layer preferably is 
deposited from a sputter target including a molybdenum rich 
phase, a titanium rich phase and a tantalum rich phase. 

DETAILED DESCRIPTION 

The present invention, in its various aspects, makes use of 
a unique combination of materials to derive an attractive 
sputter target for use in the manufacture of one or more 
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various devices (e.g., flat panel displays) that include a thin 
film layer, such as a thin film barrier layer, tie layer, or oth 
erwise. The deposited layers prepared from the Sputter targets 
of the present invention have a surprising combination of 
relatively low electrical resistivity, good adhesion to sub 
strates and/or excellent barrier properties. The sputter target 
preferably is tailored to provide deposited layers having low 
etch rates (e.g., in ferricyanide solution). 
The sputter targets of the present invention employ three or 

more different elements to achieve the desired performance 
properties. Without limitation, suitable sputter targets include 
material including or consisting essentially of three metal 
elements, four metal elements, or five or more metal ele 
ments. For example, the Sputter target may include or consist 
Substantially of molybdenum (i.e. Mo), titanium (i.e., Ti), and 
one or more additional metal elements selected from the 
group consisting of Vanadium (i.e., V), chromium (i.e., Cr), 
tantalum (i.e., Ta), and niobium (i.e., Nb). Preferred sputter 
targets including or consist Substantially of molybdenum, 
titanium, and a third metal element selected from tantalum 
and chromium. Preferred sputter targets include molybde 
num, titanium and the third metal element present at a total 
concentration of about 60 atomic 96 or more, more preferably 
about 80 atomic '% or more, even more preferably about 95 
atomic 96 or more, even more preferably about 99 atomic 96 or 
more, and most preferably about 99.5 atomic '% or more. 
Without limitation, deposited layers prepared from the sput 
tertargets of the present invention may include ternary mate 
rials and/or quaternary materials. 
The Sputter targets may be used to produce (e.g., to deposit) 

a film having at least one molybdenum containing layer (e.g., 
a barrier layer) that comprises molybdenum (e.g., at a con 
centration of at least 50 atomic '% based on the total number 
of atoms in the molybdenum containing layer), titanium, and 
a third metal element. The deposited layer may contain fewer 
phases than the Sputter target. Without limitation, exemplary 
deposited layers produced from the Sputter target may contain 
one or two phases, whereas the Sputter target from which they 
are prepared, preferably contain at least three phases (e.g., 
one or more pure metal phases and/or one or more alloy 
phases). More preferably, the deposited layer includes or 
consists essentially of an alloy phase, wherein the alloy 
includes molybdenum, titanium and the third metal element. 
Even more preferably, the deposited layer consists essentially 
of an alloy phase, wherein the alloy includes or consists 
essentially of molybdenum, the titanium and the third metal 
element. Most preferably, the deposited layer includes or 
consists essentially of an alloy phase, wherein the alloy 
includes or consists essentially of molybdenum, titanium and 
tantalum. 
Morphology of the Sputter Target 
The Sputter target may be a heterogeneous material includ 

ing a plurality of phases. The Sputter target preferably com 
prises at least three phases. For example, the target may 
include one or more first phases each comprising at least 50 
atomic '% molybdenum, one or more second phases each 
comprising at least 50 atomic '% titanium, and one or more 
third phases each comprising at least 50 atomic '% of a third 
metal element, wherein the third metal element is tantalum or 
chromium. 
A second phase may differ from a first phase in one or any 

combination of the following: the concentration of one, two 
or more elements, density, electrical resistivity, the bravais 
lattice structure, the symmetry group, one or more lattice 
dimensions, or the crystallographic space group. By way of 
example, a first phase and a second phase may differ in the 
concentration of one element by about 0.5 wt.% or more, by 
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6 
about 1 wt.% or more, by about 5 wt % or more, or by about 
20 wt.% or more. A third phase may differ from a first phase 
and/or a second phase in one or any combination of the 
following: the concentration of one, two or more elements, 
density, electrical resistivity, the bravais lattice structure, the 
symmetry group, one or more lattice dimensions, or the crys 
tallographic space group. By way of example, the concentra 
tion of an element in a third phase my differ from the con 
centration of the element in a first phase, in a second phase, or 
both, by about 0.5 wt.% or more, by about 1 wt.% or more, 
by about 5 wt.% or more, or by about 20 wt.% or more. The 
sputter target may include two phases (such as a first phase 
and a second phase or a third phase), wherein the difference 
between the densities of the two phases is about 0.1 g/cm or 
more, preferably about 0.3 g/cm or more, more preferably 
about 0.6 g/cm, and most preferably about 1.2 g/cm or 
O. 

The first phase, the second phase, and the third phase, may 
each independently include crystals characterized by one or 
more of the 14 bravais lattice types. The bravais lattice of a 
phase may be triclinic, monoclinic (e.g., simple monoclinic 
or centered monoclinic), orthorhombic (e.g., simple base cen 
tered orthorhombic, body centered orthorhombic, or face 
centered orthorhombic), tetragonal (e.g., simple tetragonal or 
body-centered tetragonal), rhombohedral, hexagonal, or 
cubic (e.g., simple cubic, body-centered cubic or face-cen 
tered cubic). By way of example, the first phase, the second 
phase, and the third phase may each independently include or 
consist essentially of crystals having bravais lattices that are 
hexagonal, simple cubic, body-centered cubic, and face-cen 
tered cubic, or any combination thereof. The one or more 
second phases may include crystals having a bravais lattice 
that is the same or different from the bravais lattice of the one 
or more first phases. By way of example, the first phase may 
include a phase having a body-centered cubic bravais lattice, 
and the second phase may include a phase having a body 
centered cubic bravais lattice, a hexagonal bravais lattice, or 
both. The one or more third phases may include crystals 
having a bravais lattice that is the same as or different from the 
one or more first phases, that is different from the one or more 
second phases, or any combination thereof. By way of 
example, the one or more third phases may include or consist 
essentially of crystals having a body-centered cubic bravais 
lattice, a hexagonal bravais lattice, or both. 

FIG. 1 is an illustrative scanning electron micrograph of a 
sputter target including molybdenum, titanium, and tantalum 
using secondary electron imaging. According to the teachings 
herein, other metal elements may be employed in the Sputter 
target. With reference to FIG. 1, the sputter target 10 may 
include a first phase 16, a second phase 14, and a third phase 
12. The first phase 16 of the sputter target 10 may be a 
continuous phase, include 50 atomic 96 or more molybdenum 
(e.g., about 75 atomic '% or more molybdenum) or both. As 
illustrated in FIG. 1, the second phase 14, the third phase 12, 
or both, may be a discrete phase (such as a discrete phase 
dispersed in the first phase). A second phase, a third phase, or 
both that is a continuous phase (e.g., a co-continuous phase) 
is also within the scope of the invention. The second phase 14 
may include about 50 atomic 9% of a second metal element 
Such as titanium, based on the total number of atoms in the 
second phase. The third phase 12 may include about 50 
atomic '% or more of a third element, such as chromium or 
tantalum, based on the total number of atoms in the third 
phase. As illustrated in FIG. 1, the volume of the one or more 
first phases may be about 40 volume 96 or more, or about 50 
volume % or more, based on the total volume of the sputter 
target. The Volume of the one or more second phases, the 
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volume or the one or more third phases, and the total volume 
of the one or more first and second phases, may be about 1 
Volume 96 or more, or about 5 volume 96 or more, based on the 
total volume of the sputter target. The volume of the one or 
more second phases, the Volume or the one or more third 
phases, and the total Volume of the one or more first phases 
and second phases, may each be about 50 volume 96 or less, or 
about 25 volume 96 or less, based on the total volume of the 
sputter target. The second phase, the third phase, or both may 
be generally randomly oriented. The second phase, the third 
phase, or both may be generally elongated. Preferably the 
second phase, the third phase, or both, have a length to width 
ratio of about 20:1 or less, about 10:1 or less, or about 5:1 or 
less. The second phase may include particles having an aver 
age length of about 0.3 um or more, having an average length 
of about 200 um or less, or both. The third phase may include 
particles having an average length of about 0.3 um or more, 
having an average length of about 200um or less, or both. The 
length and/or Volume of a phase may be measured using 
scanning electron microscopy. Scanning electron microscopy 
may be supplemented by additional methods. Such as energy 
dispersive X-ray spectroscopy, for measuring the composition 
of a phase. 

FIG. 2 is an illustrative scanning electron micrograph of a 
sputter target including molybdenum, niobium and tantalum 
using backscattered electron imaging. According to the 
teachings herein, other metal elements may be employed in 
the sputter target. With reference to FIG. 2, the sputter target 
10 may include a first phase 16, a second phase 14, and a third 
phase 12. Each of the individual phases may be a substantially 
pure metallic phase (e.g., a phase that includes a metal in an 
amount of about 80 atomic 96 or more, about 90 atomic 96 or 
more, or about 95 atomic 96 or more). The sputter target may 
also include an alloy phase, Such as an alloy phase including 
molybdenum and tantalum 18, and/or an intermetallic phase. 
The one or more first phases may optionally include both a 

relatively pure first phase and a highly alloyed first phase 
containing the molybdenum at a lower concentration than the 
relatively pure first phase. For example, the relatively pure 
first phase may contain molybdenum at a concentration of 
about 80 atomic 96 or more, more preferably about 90 atomic 
%, or more, based on the total number of atoms in the rela 
tively pure first phase. By way of example, the concentration 
of molybdenum in the highly alloyed first phase may be about 
90 atomic '% or less, about 80 atomic '% or less, or about 70 
atomic '% or less. Preferably, the one or more first phases 
includes a Sufficient Volume of material having a generally 
high molybdenum concentration (e.g., about 60 atomic 96 or 
more molybdenum, about 70 atomic 96 or more molybdenum, 
about 80 atomic 96 or more molybdenum, or about 90 atomic 
% or more molybdenum) so that the Sputter target can be 
rolled in a step that increases the width, the length, or both, of 
the Sputter target. 

The one or more second phases may optionally include 
both a relatively pure second phase and a highly alloyed 
second phase containing the titanium at a lower concentration 
than the relatively pure second phase. For example, the rela 
tively pure second phase may contain titanium at a concen 
tration of about 80 atomic '% or more, more preferably about 
90 atomic 96, or more, based on the total number of atoms in 
the relatively pure second phase. By way of example, the 
concentration of titanium in the highly alloyed second phase 
may be about 90 atomic 96 or less, about 80 atomic 96 or less, 
or about 70 atomic '% or less. 
The one or more third phases may optionally include both 

a relatively pure third phase and a highly alloyed third phase 
containing the third metal element (e.g., tantalum or chro 
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8 
mium) at a lower concentration than in the relatively pure 
third phase. For example, the relatively pure third phase may 
contain the third metal elementata concentration of about 80 
atomic '% or more, more preferably about 90 atomic '% or 
more, based on the total number of atoms in the relatively 
pure second phase. By way of example, the concentration of 
the third metal element in the highly alloyed third phase may 
be about 90 atomic '% or less, about 80 atomic '% or less, or 
about 70 atomic '% or less. 
The volume of the one or more first phases preferably is 

Sufficiently high so that the first phase is a continuous phase 
(e.g., a matrix phase in which one or more other phases is 
dispersed). The volume of the one or more first phases may be 
about 40% or more by volume, about 50% or more by volume, 
about 60% or more by volume, or about 70% or more by 
volume, based on the total volume of the sputter target. Pref 
erably the volume of the one or more first phases is greater 
than the volume of the one or more second phase. Preferably 
the volume of the one or more first phases is greater than the 
volume of the one or more second phases. The volume of the 
one or more first phases may be about 99% or less by volume, 
about 95% or less by volume, about 92% or less by volume, or 
about 90% or less by volume, based on the total volume of the 
sputter target. 
The Volume of the one or more second phases, the one or 

more third phases, or the combination of the one or more 
second phases and the one or more third phases may be about 
1% or more by volume, about 2% or more by volume, about 
3% or more by volume, or about 5% or more by volume, 
based on the total volume of the sputter target. The volume of 
the one or more second phases, the one or more third phases, 
or the combination of the one or more second phases and the 
one or more third phases may be about 50% or less by volume, 
about 45% or less by volume, about 40% or less by volume, 
about 35% or less by volume, about 30% or less by volume, 
about 25% or less by volume, or about 20% or less by volume, 
based on the total volume of the sputter target. 
The one or more first phases, the one or more second 

phases, and the one or more third phases of the Sputter target 
may each individually be discrete phases, continuous phases, 
or co-continuous phases. Preferably, the Sputter target may 
include a first phase that is a continuous phase. Without being 
bound by theory, it is believed that a first phase that is con 
tinuous may improve the capability of rolling a sputter target 
in order to increase its length, increase its width, or both. 
Preferably the one or more second phases includes a discrete 
second phase. For example, a discrete second phase may be a 
discrete phase within the first phase, or a discrete phase within 
the third phase. More preferably, the sputter target includes a 
second phase including 50 atomic or more titanium that is a 
discrete phase within a first phase including 50 atomic '% or 
more molybdenum. Preferably, the one or more third phases 
includes a discrete phase. For example a discrete third phase 
may be a discrete phase within the first phase, or a discrete 
phase within the second phase. Preferably, the sputter target 
includes a third phase including 50 atomic 96 or more of 
chromium or tantalum that is a discrete phase within a first 
phase including 50 atomic '% or more molybdenum. If the 
sputter target has at least two second phases, it may have a 
morphology in which one of the second phases contains about 
80 atomic 96 or more titanium and is encapsulated by another 
of the second phases that contains a lower concentration of 
the second metal element. If the Sputter target has at least two 
third phases, it may have a morphology in which one of the 
third phases contains about 80 atomic 96 or more of the third 
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metal element and is encapsulated by another of the third 
phases that contains a lower concentration of the third metal 
element. 
The size of the domains (i.e., a contiguous region that may 

include one or more grains of a phase) of one or more, or even 
all of the phases of the Sputter target may be relatively large. 
For example, the size of the domains of the one or more, or 
even all of the phases of the Sputter target may be larger (e.g., 
by 50% or more, by about 100% or more, by about 200% or 
more, by about 500% or more, or by about 1000% or more) 
than the size of the domains of the phase or phases of a 
deposited layer prepared from the sputter target. Without 
limitation the domain size (e.g., the number average length of 
the domains) of the one or more first phases, the one or more 
second phases, and/or the one or more third phases, may be 
about 0.3 um or more, preferably about 0.5um or more, more 
preferably about 1 um or more, and most preferably greater 3 
um or more. In determining the domain sizes of the phases of 
the Sputter target, all of the first phases may be considered as 
one phase, all of the second phases may be considered as one 
phase, and all of the third phases may be considered as one 
phase. Without limitation the domain size (e.g., the number 
average length of the domains) of the one or more first phases, 
of the one or more second phases, and/or the one or more third 
phases, may be about 200m or less, preferably about 100 um 
or less, and more preferably about 50 um or less. It will be 
appreciated that larger domain sizes may be employed in the 
sputter target. For example, as taught herein, one or more of 
the phases may be a continuous phase. The shape of the 
domains of the second phase, the third phase, or both may be 
generally elongated. Preferably the second phase, the third 
phase, or both, have a length to width ratio of about 20:1 or 
less, about 10:1 or less, or about 5:1 or less. 

FIG. 3A is a scanning electron micrograph (backscattered 
electrons) of a region of a sputter target including molybde 
num, titanium and tantalum including a molybdenum phase 
16 and illustrating a location 32 in the molybdenum phase. 
FIG. 3B is an illustrative energy dispersive X-ray spec 
trograph 30 taken at location32 of FIG.3A. The spectrograph 
of FIG. 3B includes only a peak 34 corresponding to molyb 
denum. As illustrated by FIG. 3B, the sputter target may 
include a region that includes a phase of Substantially pure 
molybdenum (i.e., including about 80 atomic '% or more 
molybdenum, about 90 atomic '% or more molybdenum, or 
about 95 atomic 96 or more molybdenum). 

FIG. 4A is a scanning electron micrograph (backscattered 
electrons) of a region of a sputter target including molybde 
num, titanium and tantalum including a titaniumphase 14 and 
a location 42 in the titanium phase. FIG. 4B is an illustrative 
energy dispersive X-ray spectrograph taken at the point 42 of 
FIG. 4A. The spectrum 40 of FIG. 4B includes only peaks 44. 
44", and 44" corresponding to titanium. As illustrated by FIG. 
4B, the Sputter target may include a region that includes a 
phase of Substantially pure titanium (i.e., including about 80 
atomic '% or more titanium, about 90 atomic '% or more 
titanium, or about 95 atomic '% or more titanium). 

FIG. 5A is a scanning electron micrograph (backscattered 
electrons) of a region of a sputter target including molybde 
num, titanium and tantalum including a tantalum phase 12, a 
molybdenum phase 16, and a location 52 in the tantalum 
phase. FIG. 5B is an illustrative energy dispersive X-ray spec 
trograph taken at location 52 of FIG. 5A. The spectrum 50 of 
FIG. 5B includes only peaks 54, 54, 54", and 54" corre 
sponding to tantalum. As illustrated by FIG. 5B, the sputter 
target may include a region that includes a phase of Substan 
tially pure third metal element, such as a phase of Substan 
tially pure tantalum (i.e., including about 80 atomic '% or 
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10 
more tantalum, about 90 atomic 96 or more tantalum, or about 
95 atomic '% or more tantalum), or substantially pure chro 
mium (i.e., including about 80 atomic 96 or more chromium, 
about 90 atomic 96 or more chromium, or about 95 atomic 96 
or more chromium). 
Molybdenum Concentration of the Sputter Target 
The total concentration of molybdenum in the target may 

be at least about 50 atomic '%, preferably at least about 60 
atomic '%, more preferably at least about 65 atomic '%, even 
more preferably at least about 70 atomic 96, and most prefer 
ably at least about 75 atomic 96. The concentration of molyb 
denum in the target may be less than about 95 atomic '%, 
preferably less than about 90 atomic '%, more preferably less 
than about 85 atomic 96, even more preferably less than about 
83 atomic '%, and most preferably less than about 81 atomic 
%. The Sputter target preferably is prepared using a process 
that includes a step of rolling the material to form the sputter 
target. As such, the Sputter target preferably includes a suffi 
cient quantity of molybdenum so that the material can 
undergo a rolling step, such as a rolling step described here 
inafter. 
Additional Elements: 

In addition the molybdenum, the target includes at least 
two additional metal elements (i.e., a second metal element 
and a third metal element). The second metal element and the 
third metal element may each independently have an atomic 
mass greater than or less than the atomic mass of molybde 
num. For example, the second metal element may have an 
atomic mass that is less than the atomic mass of molybdenum 
and the third metal element may have an atomic mass that is 
greater than the atomic mass of molybdenum. As another 
example, the second metal element and the third metal ele 
ment may bathhave anatomic mass less than the atomic mass 
of molybdenum. The second and third metal elements may be 
selected from IUPAC group 4, 5, and 6 elements. Preferably 
the target includes two or more elements, the second metal 
element and the third metal element) selected from the group 
consisting of titanium, tantalum, chromium, hafnium, Zirco 
nium, and tungsten. More preferably the target includes two 
or more elements selected from the group consisting of tita 
nium, tantalum, and chromium. Preferably the second metal 
element of the sputter target is titanium. Preferably, the third 
metal element of the Sputter target is tantalum or chromium. 

Without limitation, exemplary targets include targets 
including, consisting essentially of, or consisting of molyb 
denum, titanium, and tantalum; molybdenum, titanium, and 
chromium; molybdenum, tantalum, and chromium, or 
molybdenum, titanium, tantalum and chromium. 
The concentration of the second metal element, the third 

metal element, or the combination of the second and third 
metal element in the sputter target may be about 0.1 atomic 96 
or more, preferably about 0.5 atomic 96 or more, more pref 
erably about 1 atomic 96 or more, even more preferably about 
2 atomic 96 or more, and most preferably about 5 atomic '% or 
more, based on the total concentration of atoms in the target. 
The concentration of the second metal element, the third 
metal element, or the combination of the second and third 
metal element in the sputter target may be less than about 50 
atomic '%, preferably about 45 atomic '% or less, more pref 
erably about 40 atomic 96 or less, even more preferably about 
35 atomic 96 or less and most preferably about 30 atomic 96 or 
less, based on the total concentration of atoms in the target. 
The theoretical density of the Sputter target, p, may be 

calculated by the densities of the individual elements: 
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where C, C, C are the concentrations (in atomic 96) of 
molybdenum, the second metal element and the third metal 
element, respectively, W. W. W. are the atomic masses of 
molybdenum, the second metal element and the third metal 
element, respectively, and p, p. p are the densities of 
molybdenum, the second metal element and the third metal 
element. In general, the theoretical density of a composition 
including n elements may be estimated by: 

where the summations are from element i=1 to n, and C. W. 
and p, are respectively, the concentration, atomic mass, and 
density of element i. 
The density of molybdenum, titanium, Vanadium, chro 

mium, niobium, and tantalum are about 10.2, 4.51, 6.11.7.15, 
8.57, and 16.4 g/cm, respectively. The density of the sputter 
target may be greater than about 0.85 p, preferably greater 
than about 0.90 p, more preferably greater than about 0.92 p. 
even more preferably greater than about 0.94 p, even more 
preferably greater than about 0.96 p, and most preferably 
greater than about 0.98 p. The density of the sputter target is 
preferably less than about 1.00 p. 
Texture of the Sputter Target 
The texture of a sputter target may be determined by the 

orientation of the grains, such as the orientation of the grains 
of the first phase, the second phase, the third phase, or any 
combination thereof. For example, one or more of the phases 
may generally be oriented with <110>//ND, <111 >//ND, 
<100>//ND, or a combination thereof. The rates at which the 
sputter target is sputtered (e.g., the deposition rate of a sput 
tered film) may depend on the orientation of the grains. As 
such, in some aspects of the invention, the sputter target has a 
generally uniform orientation. The orientation of the grains 
may be measured by electron back scattered diffraction, using 
the method described in U.S. Patent Application Publication 
No. 2008/0271779 A1 (Miller et al., published Nov. 6, 2008) 
and International Patent Application Publication No. WO 
2009/020619 A1 (Bozkaya et al., published Feb. 12, 2009), 
the contents of which are both incorporated herein by refer 
ence in their entirety. Thus measured, in a unit Volume of a 
face centered cubic metal the percentage of grains aligned 
within 15-degrees of <100>//ND may be greater than about 
5%, greater than about 8%, greater than about 10.2%, greater 
than about 13%, or greater than about 15%, the percentage of 
grains aligned within 15-degrees of <111 >//ND may be 
greater than about 5%, greater than about 10%, greater than 
about 13.6%, or greater than about 15%, or greater than about 
18%, or any combination thereof. Thus measured, the per 
centage of grains in a unit volume of a body centered cubic 
metal aligned within 15 degrees of <110>//ND may be 
greater than about 5%, greater than about 15%, 20.4%, or 
greater than about 30%. The standard deviation of the texture 
gradient (e.g., the 100 gradient, the 111 gradient, or both) may 
be less than about 4.0, preferably less than about 2.0, more 
preferably less than about 1.7, even more preferably less than 
about 1.5, and even more preferably less than about 1.3. and 
most preferably less than about 1.1. 
The variation in the orientation in the through-thickness 

direction may also be relatively low. For example, through 
thickness texture gradient for the texture components 100// 
ND, 111//ND, or both may be 6%/mm or less, preferably 
4%/mm or less, and more preferably 2%/mm or less (as 
measured using the method described in International Patent 
Application Publication No. WO 2009/020619 A1). 
Deposited Molybdenum Containing Layer 
As previously described, the Sputter targets may be used to 

produce a structure having at least one molybdenum contain 
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12 
ing layer (e.g., a deposited layer, such as a deposited film 
layer) that comprises molybdenum, a second metal element, 
and a third metal element. For example, the Sputter target may 
be used to produce a deposited layer comprising molybde 
num, titanium, and a third metal element selected from the 
group consisting of chromium and tantalum. Preferably the 
third metal element is tantalum. The process of depositing a 
molybdenum containing layer on a Substrate may include one 
or any combination of the following: providing a particle, 
Such as a charged particle, accelerating a particle, or impact 
ing a sputter target with a particle, so that atoms are removed 
from a sputter target and deposited onto a substrate. Preferred 
particles include atomic particles and Subatomic particles. By 
way of example, the Subatomic particle may be an ion. Pref 
erably, the molybdenum containing layer includes about 50 
atomic '% or more molybdenum, about 0.5 atomic '% or more 
titanium, and about 0.5 atomic 96 or more tantalum, based on 
the total number of atoms in the layer. The concentration of 
molybdenum in the molybdenum containing layer may be 
about 60 atomic 96 or more, about 65 atomic 96 or more, about 
70 atomic 96 or more, or about 75 atomic 96 or more, based on 
the total concentration of atoms in the molybdenum contain 
ing layer. The concentration of molybdenum in the molybde 
num containing layer may be about 98 atomic 96 or less, 
preferably about 95 atomic '% or less, more preferably about 
90 atomic 96 or less, even more preferably about 85 atomic 96 
or less, and most preferably about 83 atomic '% or less, based 
on the total number of atoms in the molybdenum containing 
layer. The ratio of the concentration of molybdenum (in 
atomic '%) in the deposited layer to the concentration of 
molybdenum in the Sputter target (in atomic 96) may be about 
0.50 or more, about 0.67 or more, about 0.75 or more, about 
0.80 or more, or about 0.9 or more. The ratio of the concen 
tration of molybdenum in the deposited layer to the concen 
tration of molybdenum in the sputter target may be about 2.00 
or less, about 1.5 or less, about 1.33 or less, about 1.25 or less, 
or about 1.11 or less. 
The second metal element and the third metal element may 

each independently be presentata concentration greater than 
about 0.1 atomic 96, preferably greater than about 1 atomic 96. 
more preferably greater than about 3 atomic '%, even more 
preferably greater than about 5 atomic 96 and most preferably 
greater than about 7 atomic 96, based on the total concentra 
tion of atoms in the molybdenum containing layer. The sec 
ond metal element and the third metal element may each 
independently be present at a concentration of about 45 
atomic 96 or less, about 40 atomic 96 or less, about 35 atomic 
% or less, about 30 atomic '% or less, about 25 atomic '% or 
less, about 20 atomic 96 or less, or about 10 atomic 96 or less, 
based on the total concentration of atoms in the molybdenum 
containing layer. 
The total concentration of the second and third metal ele 

ments is preferably about 5 atomic '% or more, more prefer 
ably about 10 atomic 96 or more, and most preferably about 
15 atomic '% or more, based on the total concentration of 
atoms in the molybdenum containing layer. By way of 
example, the total concentration of the second and third metal 
elements may be about 20 atomic '% or more, based on the 
total concentration of atoms in the molybdenum containing 
layer. The total of the second metal element and the third 
metal element may be about 50 atomic '% or less, about 45 
atomic 96 or less, about 40 atomic 96 or less, about 35 atomic 
% or less, about 30 atomic 96 or less, or about 25 atomic 96 or 
less, based on the total concentration of atoms in the molyb 
denum containing layer. The ratio of the total concentration of 
the second and third metal elements (in atomic '%) in the 
deposited layer to the total concentration of the second and 
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third metal elements in the Sputter target (in atomic 96) may be 
about 0.50 or more, about 0.67 or more, about 0.8 or more, or 
about 0.9 or more. The ratio of the total concentration of the 
second and third metal elements (in atomic 96) in the deposit 
layer to the total concentration of the second and third metal 
elements in the sputter target (in atomic 96) may be about 2.00 
or less, about 1.5 or less, about 1.25 or less, or about 1.11 or 
less. 
The deposited molybdenum containing layer may be 

deposited (e.g., by a process that includes a step of sputtering 
the Sputter target) onto a Substrate. For example, the Sputter 
target may be employed in a process for producing a multi 
layered article including a molybdenum containing layer 
(e.g., a deposited layer) including a first phase of the molyb 
denum containing layer having about 50 atomic '% or more 
molybdenum, about 0.1 atomic 96 or more titanium and about 
0.1 atomic 96 or more of the third metal element, wherein the 
third metal element is chromium or tantalum. The first phase 
of the molybdenum containing layer may comprise 60 Vol 
ume 96 or more, 70 volume 96 or more, 80 volume 96 or more, 
90 volume 96 or more, or 95 volume 96 or more of the molyb 
denum containing layer. The molybdenum containing layer 
may be substantially entirely the first phase of the deposited 
layer. The concentration of the molybdenum, the second 
metal element, and the third metal element in the first phase of 
the deposited molybdenum containing layer may be any of 
the above described concentrations for the molybdenum, the 
second metal element, and the third metal element in the 
molybdenum containing layer. 
The deposited molybdenum containing layer may have a 

grain size of about 5 to 10,000 nm. The average grain size may 
be measured using microscopy (e.g., Scanning electron 
microscopy) of a surface normal to the thickness of the depos 
ited layer. The size of an individual grain may be taken as the 
largest dimension of the grain in the plane normal to the 
thickness of the deposited layer. The deposited molybdenum 
containing layer (e.g., the first phase of the deposited layer) 
preferably has a relatively small grain size (e.g., a grain size 
less than the grain size of the first phase of the Sputter target, 
the second phase of the sputter target, the third phase of the 
sputter target, or any combination thereof). The first phase of 
the deposited molybdenum containing layer may have a grain 
size of about 5 nm or more, about 10 nm or more, about 20 nm. 
or more, or about 50 nm or more. The first phase of the 
deposited molybdenum containing layer may have a grain 
size of about 10,000 nm or less. Preferably, the first phase of 
the deposited film layer has a grain size of about 1000 nm or 
less, about 500 nm or less, about 200 nm or less, or about 150 
nm or less. The grains may be generally randomly oriented, 
the grains may be generally aligned, or any combination 
thereof. The grains may have any shape. For example, the 
grains may be generally elongated. Preferably, the grains 
have a length to width ratio that is less than about 100:1, more 
preferably less than about 30:1, and most preferably less than 
about 10:1. The deposited layer may include grains that have 
a generally large length to width ratio (e.g., greater than about 
5:1 and grains that have a generally Small length to width ratio 
(e.g., less than about 5:1, or less than about 2:1). The grains 
may have a generally uniform shape. Such as a shape having 
a length to width ratio less than about 3:1, less than about 2:1, 
or less than about 1.5:1. 
By way of example, FIG. 6A illustrates (without limita 

tion) a microstructure using secondary electron Scanning 
electron microscopy at a magnification of about 50,000 of a 
deposited layer containing about 80 atomic 96 molybdenum, 
about 10 atomic titanium, and about 10 atomic '% tantalum. 
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With reference to FIG. 6A, the deposited molybdenum con 
taining layer may be substantially a single phase. 
The thickness of the deposited molybdenum containing 

layer may vary depending on the functional requirements of 
the deposited layer. Without limitation, the thickness of the 
deposited layer may be about 1 nm or more, about 5 nm or 
more, about 10 nm or more, about 15 nm or more, about 20 
nm or more, about 25 nm or more, about 30 nm or more, or 
about 35 nm or more. The thickness of the deposited molyb 
denum containing layer may be about 3 um or less. Prefer 
ably, the thickness of the deposited molybdenum containing 
layer is about 1 um or less, more preferably about 0.5um or 
less, even more preferably about 0.2 Lum or less, even more 
preferably about 100 nm or less, and most preferably about 50 
nm or less. Deposited layers having a thickness less than 
about 1 nm are also contemplated. 

FIG. 7 is a secondary electron Scanning electron micro 
scope micrograph (at a magnification of about 10,000) of the 
cross-section of a deposited layer 70 containing about 80 
atomic '% molybdenum, 10 atomic '% titanium, and about 10 
atomic 96 tantalum on a substrate 72. As illustrated in FIG. 7, 
the deposited layer may include a generally columnar micro 
structure. Other microstructures are also contemplated. 
The arrangement of the atoms in the deposited molybde 

num containing layer may be different from the arrangement 
of the atoms in the Sputter target. For example, the deposited 
layer may include one or more first alloy phases comprisingi) 
at least 50 atomic '% molybdenum and ii) at least one of the 
second metal element and the third metal element. The depos 
ited layer may be substantially free of (e.g., contain less than 
30 volume 96, more preferably less than about 10 volume '%, 
and most preferably less than about 5 volume 96, based on the 
total Volume of the deposited layer) of phases comprising 
greater than about 90 atomic 96 molybdenum. Preferably, a 
majority of the second metal element in the deposited layer is 
present in the one or more first alloy phases. Preferably, a 
majority or the third metal element in the deposited layer is 
present in the one or more first alloy phases. 

Without limitation, the deposited layer may include one or 
more first alloy phases that contains about 70% or more of the 
molybdenum in the deposited layer, preferably about 80% or 
more of the molybdenum in the deposited layer, more pref 
erably about 90% or more of the molybdenum in the depos 
ited layer, and most preferably about 95% or more of the 
molybdenum in the deposited layer. Without limitation, the 
deposited layer may include one or more first alloy phases 
that further contains about 70% or more of the titanium in the 
deposited layer, preferably about 80% or more of the titanium 
in the deposited layer, more preferably about 90% or more of 
the titanium in the deposited layer, and most preferably about 
95% or more of the titanium in the deposited layer. Without 
limitation, the deposited layer may include one or more first 
alloy phases that further contains about 70% or more of the 
third metal element in the deposited layer, preferably about 
80% or more of the third metal element in the deposited layer, 
more preferably about 90% or more of the third metal element 
in the deposited layer, and most preferably about 95% or more 
of the third metal element in the deposited layer. 

Optionally, the deposited layer may contain one or more 
second alloy phases, each containing less 50 atomic '% 
molybdenum. If present, such optional second alloy phases 
preferably are present in total at a concentration less than 
about 40 volume 96, more preferably less than about 20 vol 
ume '%, and most preferably less than about 10 volume '%, 
based on the total volume of the deposited layer. Without 
limitation, the one or more second alloy phase, if present, may 
each include at least 50 atomic 9% of the second metal, at least 
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50 atomic '% of the third metal element, at least 50 atomic 96 
of the second metal and third metal, or any combination 
thereof. 

The deposited layer may be deposited onto a substrate 
using a physical vapor deposition process, such as a sputter 
deposition process (i.e., by sputtering). The deposition pro 
cess may employ electric fields and/or magnetic fields (pref 
erably both) to remove atoms or groups of atoms from the 
sputter target using a gas (preferably an inert gas, such as 
argon) and to deposit at least a portion of the removed atoms 
onto a Substrate. The deposition process may employ one or 
more steps of heating a sputter target, one or more steps of 
etching a sputter target and/or substrate (for example to 
remove an oxide layer), one or more steps of cleaning a 
sputter target and/or Substrate, or any combination thereof. 
The Sputtering may be performed in a vacuum chamber at a 
pressure less than atmospheric pressure. The pressure, tem 
perature, and electric fields may be chosen so that a plasma is 
formed. By way of example, the process may include sput 
tering at one or more pressures of about 100 Torr or less 
(about 13.3 kPa or less), preferably about 1000 mTorr or less 
(about 133 Pa or less), more preferably about 100 mTorr or 
less (about 13.3 Pa or less), and most preferably about 20 
mTorr or less (about 2.67 Pa or less). The process preferably 
includes sputtering at one or more pressures of about 0.1 
mTorr or more (about 0.0133 Pa or more), preferably about 1 
mTorr or more (about 0.133 Pa or more), and more preferably 
about 2 mTorr or more (about 0.267 Pa or more). 

Without limitation, the deposited molybdenum containing 
layer may function as a barrier layer, Such as for performing 
the function of Substantially or entirely avoiding the migra 
tion of atoms of an underlying layer into an overlying layer, 
Substantially or entirely avoiding the migration of atoms of an 
overlying layer into an underlying layer, or both. For 
example, the deposited molybdenum containing layer may be 
deposited over a first material (e.g., a first Substrate material) 
and then have a second material deposited overit. As such, the 
deposited molybdenum containing layer may prevent the 
migration (e.g., during an annealing step, during a forming 
step, or during use) of the one or more components of the first 
material into the second material, one or more components of 
the second material into the first material, or both. The molyb 
denum containing layer may be interposed between a Sub 
strate (e.g., a silicon Substrate, or a glass Substrate) and a 
conductive layer (such as a layer containing or consisting 
essentially of Cu, Al, Ag, Au, or any combination thereof). 
The thickness of the deposited molybdenum containing layer 
(e.g., employed as a barrier layer) may be about 1000 nm or 
less, about 500 nm or less, about 200 nm or less, about 100 nm. 
or less, or about 50 nm or less. The thickness of the deposited 
molybdenum containing layer (e.g., employed as a barrier 
layer) may be about 1 nm or more. The molybdenum contain 
ing layer may include about 50 atomic '% or more molybde 
num (e.g., about 80 atomic '% molybdenum), about 1 atomic 
% or more titanium (e.g., about 5 atomic titanium), and about 
1 atomic '% or more of the third metal element (e.g., about 5 
atomic 96 or more tantalum). 
The materials may then be annealed, e.g., using an anneal 

ing temperature of about 350° C. and an annealing time of 
about 30 minutes to determine the barrier properties of the 
molybdenum containing layer. The molybdenum containing 
layer may advantageously Substantially if not entirely avoid 
the migration of components of the Substrate layer into the 
conductive layer and/or the molybdenum containing layer, 
reduce or prevent the migration of components of the con 
ductive layer into the substrate layer and/or the molybdenum 
containing layer, or any combination thereof. Without limi 
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tation, the molybdenum containing layer may advanta 
geously reduce or prevent the formation of copper silicide 
after annealing for about 30 minutes at about 350° C. For 
example, the concentration of copper silicide may be below 
the level detectable by X-ray diffraction methods after anneal 
ing for about 30 minutes at about 350° C. The deposited 
molybdenum containing layer may be employed to avoid 
changes in the electrical resistivity of the deposited layers 
(e.g., each layer, or the combination of the deposited layers) 
by an annealing process. Preferably the electrical resistivity 
changes by less than about 30%, more preferably by less than 
about 20%, and most preferably by less than 10%, after 
annealing for about 30 minutes at a bout 350° C. Such a 
generally constant electrical resistivity may indicate that the 
molybdenum containing layer is preventing the formation of 
a silicide. Such as copper silicide. The deposited layer may 
avoid the migration of copper atoms into a silicon layer, 
migration of silicon atoms into a copper layer, or both. For 
example the concentration of copper atoms at the Surface of 
the silicon layer may be less than 1 atomic 96, preferably less 
than about 0.1 atomic 96 and most preferably below the limit 
of detection as measured by Auger spectroscopy after anneal 
ing a structure comprising a deposition layer including 
molybdenum, the second metal element and the third metal 
element on a clean silicon wafer, deposited by sputtering the 
sputter target using a magnetron, the deposition layer having 
a thickness of about 25 nm, and a layer of copper deposited 
over the deposition layer, the annealing at a temperature of 
about 350° C. and a time of about 30 minutes. Under the same 
conditions, the concentration of siliconatoms at the Surface of 
the copper layer may be about 1 atomic 96 or less, preferably 
about 0.1 atomic 96 or less, and most preferably below the 
limit of detection as measured by Auger spectroscopy. 
By way of illustration, FIG. 8A illustrates (without limita 

tion) the Auger depth profile of a silicon substrate with a 
deposited molybdenum containing layer and a conductive 
copper layer. As illustrated in FIG. 8A, the molybdenum 
containing layer may include about 50 atomic '% or more 
molybdenum (e.g., about 80 atomic 9% molybdenum), about 1 
atomic '% or more titanium (e.g., about 5 atomic titanium), 
and about 1 atomic 96 or more of the third metal element (e.g., 
about 5 atomic 96 or more tantalum). The materials may then 
be annealed, e.g., using an annealing temperature of about 
350° C. and an annealing time of about 30 minutes to deter 
mine the barrier properties of the molybdenum containing 
layer. As illustrated in FIG. 8B, the molybdenum containing 
layer may advantageously Substantially if not entirely avoid 
the migration of silicon atoms from the Substrate layer into the 
conductive layer and/or the molybdenum containing layer, 
reduce or prevent the migration of copper atoms from the 
conductive layer into the substrate layer and/or the molybde 
num containing layer, or any combination thereof. Without 
limitation, the molybdenum containing layer may advanta 
geously reduce or prevent the formation of copper silicide 
after annealing for about 30 minutes at about 350° C. 
The deposited molybdenum containing layer may be char 

acterized by one or any combination of the following: agen 
erally good adhesion to glass (e.g., at least 2B, at least 3 B, at 
least 4 B, or at least 5 B rating when tested according to 
ASTM B905-00), a generally good adhesion to silicon (e.g., 
at least 2 B, at least 3 B, at least 4B, or at least 5 Brating when 
tested according to ASTM B905-00), a generally good adhe 
sion (e.g., at least 2 B, at least 3 B, at least 4B, or at least 5 B 
rating when tested according to ASTM B905-00) to a con 
ductive layer. Such as a layer containing or consisting essen 
tially of copper, aluminum, chromium, or any combination 
thereof ability to prevent copper silicide formation when the 
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molybdenum containing deposited layer (e.g., having a thick 
ness of about 200 nm or less, preferably having a thickness of 
about 35 nm or less, and more preferably having a thickness 
of about 25 nm or less, ability to prevent copper silicide 
formation when the molybdenum containing deposited layer 
(e.g., having a thickness of about 200 nm or less, preferably 
having a thickness of about 35 nm or less, and more prefer 
ably having a thickness of about 25 nm or less) is placed 
between and in contact with Si and Cuandannealed for about 
30 minutes at about 350° C.; or an electrical resistivity less 
than about 60, preferably less than about 45, more preferably 
less than about 35 LC2 cm for a film having a thickness of 
about 200 nm. 
The deposited molybdenum containing layer may have a 

relatively low electrical resistivity. For example, the electrical 
resistivity of the molybdenum containing layer may be less 
than the electrical resistivity of a deposited layer of the same 
thickness consisting of 50 atomic '% molybdenum and 50 
atomic 96 titanium. 

Preferably the deposited molybdenum containing layer has 
a generally low electrical resistivity. For example, the elec 
trically resistivity (as measured by a four-point probe on a 
film having a thickness of about 200 nm) of the deposited 
molybdenum containing layer preferably is of about 75 
LG2 cm or less, more preferably about 60 LG2 cm or less, even 
more preferably about 50 LG2 cm or less, even more prefer 
ably about 40 LC2 cm or less, even more preferably about 30 
LG2 cm or less, and most preferably about 28 uS2 cm or less. 
Preferably, the electrically resistivity of the deposited molyb 
denum containing layer is about 5uS2 cm or more. It will be 
appreciated that the electrical resistivity of the deposited 
molybdenum containing layer may also be less than about 5 
LG2 cm. The deposited molybdenum containing layer prefer 
ably has a generally uniform electrical resistivity. For 
example the ratio of the standard deviation of the electrical 
resistivity to the average electrical resistivity (measured on a 
200 nm thick layer deposited on a 76.2 mm diameter silicon 
wafer) preferably is about 0.25 or less, more preferably about 
0.20 or less and most preferably about 0.18 or less. 
Etching of the Deposited Molybdenum Containing Layer 

After depositing the molybdenum containing layer it may 
be desirable to at least partially etch the molybdenum con 
taining layer. By way of example, a step of etching may be 
employed so that a portion of the multi-layered structure is 
etched. It may be desirable for the etch rate of the molybde 
num containing layer to be generally low so that at least a 
portion of the molybdenum containing layer is not etched, so 
that stronger etching chemicals can be employed, so that 
thinner molybdenum containing layers may be employed, or 
any combination thereof. 
The step of etching may include a step of etching with a 

chemical or solution capable of removing some or all of the 
deposited molybdenum containing layer. More preferably, 
the etching step includes Sufficiently etching the molybde 
num layer so that a layer below the molybdenum layer. Such 
as a Substrate layer, is at least partially exposed after the 
etching step. The etching step may employ a solution or 
chemical that includes an acid. For example, the etching step 
may employ a solution or chemical having a pH of about 8 or 
more, a pH of about 10 or more, or a pH of about 12 or more. 
The etching step may employ a solution or chemical that 
includes a base. For example, the etching step may employ a 
solution or chemical having a pH of about 6 or less, a pH of 
about 4 or less, or a pH of about 2 or less. The etching step may 
employ a solution or chemical that is generally neutral. Gen 
erally neutral Solutions or chemicals have a pH greater than 
about 6, a pH of about 6.5 or more, a pH or about 6.8 or more, 
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or a pH of about 7 or more. Generally neutral solutions or 
chemicals also have a pH less than about 8, a pH of about 7.5 
or less, a pH or about 7.2 or less, or a pH of about 7 or less. 
The etching process may employ one or more acids. Exem 

plary acids that may be used include nitric acid, Sulfuric acid, 
hydrochloric acid, and combinations thereof. The etching 
process may employ a sulfate. Exemplary Sulfates include 
those described in U.S. Pat. No. 5,518, 131, column 2, lines 
3-46 and column 2, lines 62 to column 5, line 54, expressly 
incorporated herein by reference, such as ferric sulfate and 
ferric ammonium Sulfate. The etching process may employ a 
Solution including ferricyanide ions, chromate ions, dichro 
mate ions, ferric ions, or any combination thereof. For 
example, the etching process may employ one or more ions 
containing solutions described in U.S. Pat. No. 4,747.907. 
column 1, line 66 to column 8, line 2, incorporated by refer 
ence herein. A particularly preferred solution for etching the 
molybdenum containing layer is a solution including ferri 
cyanide ions. 

Preferably, the process of preparing the multi-layered 
structure includes a step of etching the molybdenum contain 
ing layer at a rate of about 100 nm/min or less, more prefer 
ably about 70 nm/min or less, even more preferably about 60 
nm/min or less, even more preferably about 50 nm/min or 
less, even more preferably about 40 nm/min or less, and most 
preferably about 30 nm/min or less. The etching step may 
employ any etching solution capable of etching the one or 
more layers of the multi-layered structure. The etching step 
may employ a ferricyanide solution at one or more of the 
above rates. 
The deposited molybdenum containing layer may have a 

relatively low etch rate inferricyanide solution at 25°C., such 
as an etch rate lower than the etch rate of a deposited layer 
consisting of 50 atomic '% molybdenum and 50 atomic '% 
titanium using the same etching conditions. The etch rate of 
the molybdenum containing layer in ferricyanide solution at 
25°C. is preferably about 100 nm/min or less, more prefer 
ably about 70 nm/min, even more preferably about 60 nm/min 
or less, even more preferably about 50 nm/min or less, even 
more preferably about 40 nm or less, and most preferably 
about 30 nm/min or less. The etch rate of the molybdenum 
containing layer in ferricyanide solution at 25°C. is prefer 
ably about 0.1 nm/min or more. 
Process 

In general, the targets (or preformed structures, such as 
blocks for assembling into a target) may be made using metal 
powder starting materials. One Such approach includes con 
Solidating such powders, such as by heat, pressure, or both. 
For example, powders may be compacted and sintered, cold 
isostatically pressed, hot isostatically pressed, or any combi 
nation thereof. 
The process for making the target may include one or any 

combination of the steps disclosed by Gaydos et al. in U.S. 
Patent Application Publication Nos. 2007/0089984A1, pub 
lished on Apr. 26, 2007 and US2008/0314737, published on 
Dec. 25, 2008, the contents of which are incorporated herein 
by reference in their entirety. 
The process for making the Sputter targets may include a 

step of providing at least a first powder including at least 50 
atomic 96 molybdenum, a second powder including at least 50 
atomic '% of a second metal element, and a third powder 
including at least 50 atomic '% of a third metal element. For 
example, the process for making the targets may include a 
step of providing a first powder including at least 50 atomic 96 
molybdenum, a step of providing a second powder including 
at least 50 atomic 96 titanium, a step of providing a third 
powder including at least 50 atomic 9% of tantalum or chro 



US 8,449,818 B2 
19 

mium, or any combination thereof. The individual powders 
(e.g., the first powder, the second powder and the third pow 
der) may be blended together to produce a blended powder. 
The blending step preferably uses a temperature sufficiently 
low so that powder does not fuse together. The blending 
preferably uses a sufficient blending time and speed so that 
the first powder, the second powder, and the third powder 
become generally randomly distributed. By way of example, 
the blending may be performed at a temperature below about 
100° C. (e.g., at about 25°C.) in a V-blender. 

Preferably the process of preparing the sputter target is free 
ofa step of mixing (e.g., mechanically mixing) two or more of 
the first powder, the second powder, and the third powder at a 
temperature at which an alloy is formed. For example, the 
process may be free of a step of mixing two or more of the first 
powder, the second powder, and the third powder at a tem 
perature of about 550° C. or more, about 700° C. or more, 
about 900° C. or more, about 1100° C. or more, about 1200° 
C. or more, or about 1500° C. or more. 
The process may optionally include one or more steps of 

consolidating the blended powder to produce a consolidated 
powder. The process may include one or more steps of encap 
sulating the blend powder or the consolidated powder to 
produce an encapsulated powder and/or one or more steps of 
compacting while heating the encapsulated powder to pro 
duce a first target plate. 

Preferably, the process of preparing the Sputter target 
includes one or more steps of pressing the powders or the 
consolidated powders to form a target plate (e.g., a block or 
blank) by pressing at a predetermined time, at a predeter 
mined pressing pressure, and for a predetermined pressing 
temperature sufficiently high so that the powders fuse 
together and/or so that the density of the material increases to 
at about 0.85 p, or more, where p, is the theoretical density. 
The target plate (e.g., the block or blank) may be further 
processed (e.g., as described hereinafter) to form a sputter 
target. As such, it will be recognized that target plates and 
methods for producing target plates are included in the teach 
ings herein. Various compacting methods are known in the 
art, including, but not limited to, methods such as inert gas 
uniaxial hot pressing, vacuum hot pressing, and hot isostatic 
pressing, and rapid omnidirectional compaction, the Cera 
conTM process. The pressing step preferably includes a step of 
hot isostatically pressing the powder. Preferably the predeter 
mined temperature is about 800° C. or more, more preferably 
about 900° C. or more, even more preferably about 1000° C. 
or more, even more preferably about 1100° C. or more, and 
most preferably about 1200° C. or more. Preferably the pre 
determined temperature is about 1700° C. or less, more pref 
erably about 1600° C. or less, even more preferably about 
1500° C. or less, even more preferably about 1400° C. or less, 
and most preferably about 1300° C. or less. The predeter 
mined pressing time may be about 1 minute or more, prefer 
ably about 15 minutes or more, and more preferably about 30 
minutes or more. the predetermined time preferably is about 
24 hours or less, more preferably about 12 hours or less, even 
more preferably about 8 hours or less, and most preferably 
about 5 hours or less. The predetermined pressing pressure 
may be about 5 MPa or more, about 20 MPa or more, about 50 
MPa or more, or about 70 MPa or more. The predetermined 
pressure may be about 1000 MPa or less, preferably about 
700 MPa or less, more preferably about 400 MPa or less and 
most preferably about 250 MPa or less. 
The process for making a target may optionally include a 

step of bonding (e.g., edge bonding) two or more target plates 
(e.g., a first target plate and a second target plate) to produce 
a bonded target plate. The bonding process may be a diffusion 
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bonding process. The bonding process may be a diffusion 
bonding process. Such a bonding may be advantageous in 
producing targets having a relatively large area (e.g., a length 
greater than about 67 inches (1702 mm), or greater than about 
84 inches (2134 mm) and a width greater than about 55 inches 
(1397 mm), or greater than about 70 inches (1778 mm). 
As taught herein, in a preferred aspect of the invention, a 

target plate formed by pressing may be capable of being 
rolled so that the length of the target plate is increased, so that 
the width of the target plate is increased, or both. As such, the 
process of forming the Sputter target may be substantially free 
of or even entirely free of a step of a bonding (e.g. edge 
bonding) two or more target plates. It will be appreciated that 
one or more steps of rolling the target plate may be employed. 
By rolling the target plate, the need for large molds and/or 
large presses (such as molds and/or presses that are at least 
about the size of the final sputter target) may be avoided. One 
or more steps of rolling may be advantageous in producing 
sputter targets having a relatively large area (e.g., a length 
greater than about 67 inches (1702 mm), or greater than about 
84 inches (2134 mm) and a width greater than about 55 inches 
(1397 mm), or greater than about 70 inches (1778 mm). 
Forging 
The process for making the target may optionally include 

one or more steps of forging. If employed, the forging step 
may include hot forging (e.g., at a temperature above a recrys 
tallization temperature of the target material). Suitable forg 
ing methods that may be used include press forging, upset 
forging, automatic hot forging, roll forging, precision forg 
ing, induction forging, and any combination thereof. Without 
limitation, the forging process may employ rotary axial forg 
ing as described for example in International Patent Applica 
tion Publication No. WO2005/108639 A1 (Matera et al., pub 
lished on Nov. 17, 2005), the contents of which are 
incorporated herein by reference in its entirety. A rotary axial 
forging process may employ a rotary axial forging machine 
such as one described in Paragraph 0032 of WO2005/108639 
A1. 
Reducing/Eliminating Variation in Texture 
The process for making the target may include a step of tilt 

rolling or other asymmetric rolling, using a method or appa 
ratus Such as described in International Patent Application 
No. WO 2009/020619 A1 (Bozkaya et al, published on Feb. 
12, 2009), the contents of which are incorporated herein by 
reference in its entirety. 
Applications 
The Sputter targets may be employed in producing one or 

more layers (e.g., as one or more barrier layers) in an elec 
trode substrate of a flat panel display or a photovoltaic cell. 
Examples of flat panel displays which may advantageously 
employ the Sputter targets of the present invention include a 
liquid crystal display (e.g., an active matrix liquid crystal 
display, Such as a thin film transistor-liquid crystal display 
(i.e., a TFT-LCD)), a light emitting diode, a plasma display 
panel, a vacuum fluorescent display, a field emission display, 
an organoluminescent display, an electroluminescent dis 
plays, and an electro-chromic displays. 

Devices that may include molybdenum containing films 
prepared from the Sputter targets include computer monitors, 
optical disks, Solar cells, magnetic data storage, optical com 
munications, decorative coatings, hard coatings, glass coat 
ings including WEB coatings, cameras, video recorders, 
Video games, cellphones, Smartphones, touch screens, global 
positioning satellite devices, video scoreboards, video bill 
boards, other display panels, or the like. 

With reference to FIG. 10, one such device may include a 
multi-layered structure 102. The multi-layered structure 
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includes two or more layers including a substrate layer 104 
and a deposited molybdenum containing layer 106. The sub 
strate layer may be formed of a glass, a semiconductor, a 
metal, a polymer, or any combination thereof. It will be appre 
ciated that the substrate layer may include a plurality of 
materials. A preferred Substrate layers includes or consists 
essentially of glass. Another preferred substrate layer 
includes or consists essentially of silicon. The multi-layered 
structure includes one or more deposited layers 106. The 
deposited layer 106 may be formed by a sputter method 
according to the teachings herein, may be formed from a 
sputter target according to the teachings herein, or both. The 
deposited layer 106, may be a thin film. The deposited layer 
may have a thickness less than the thickness of the Substrate 
layer 102. The deposited layer may have a thickness less than 
about 1 lum, even more preferably less than about 200 nm, 
even more preferably less than about 100 nm, and most pref 
erably less than about 50 nm. The deposited layer 106 may be 
deposited onto the substrate 104, or the deposited layer 106 
may be deposited onto one or more intermediate layers (not 
shown) interposed between the substrate layer 104 and the 
deposited layer 106. The multi-layered structure 102 may 
also include one or more conductive layers 108. The conduc 
tive layer 108 may have an electrical conductivity greater than 
the substrate layer 104, greater than the deposited layer 106, 
or preferably greater than both the substrate layer 104 and the 
deposited layer 106. The deposited layer 106 preferably is 
interposed between the substrate layer 104 and a conductive 
layer 108. For example, a deposited layer 106 may include a 
first surface at least partially in contact with the substrate 
layer 104, and an opposing Surface at least partially in contact 
with a conductive layer 108. As such, the deposited layer 106 
may be a barrier layer that reduces or prevents the diffusion of 
atoms between a conductive layer 108 and a substrate layer 
102. 

Test Methods 
Adhesion 
Adhesion is measured using an adhesion tape test accord 

ing to ASTM 6905-00. A rating of 5 B indicates good adhe 
sion and that the deposited layer is not removed by the tape. 

Deposition Rate 
Deposition rate is determined by measuring the thickness 

of the deposited layer (in units of nm) and dividing by the 
deposition time (in units of minutes). 

Etch Rate 
The etch rate (in units of um/min) is measured as the rate of 

change in thickness of the deposited layer when immersed in 
a ferricyanide solution at 25°C. A ferricyanide solution is 
used. 

Electrical Resistivity 
The sheet resistance of the deposited films is measured 

using a four-point probe. Two samples are measured for each 
deposition condition. The resistivity is then calculated by the 
geometry of the test sample. 

Microstructure of deposited films. 
The microstructure of the deposited films is obtainable 

using scanning electron microscopy. A JEOL, JSM-7000F 
field emission electron microscope that can measure back 
scattered electrons and secondary electrons is used in the 
examples. 

Microstructure of the sputter targets. 
The micostructure of the Sputter targets is obtainable using 

scanning electron microscopy. An ASPEXPersonal Scanning 
Electron Microscope is employed. The working distance is 
about 20 mm and the acceleration voltage is about 20 keV. 
The secondary electron detector is Everhart-Thornley type. 
The images are also obtained of the backscattered electrons. 
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The electron microscope is also employed for measurement 
of energy dispersive X-ray spectroscopy using a spot size of 
about 1 lum. Samples for electron microscopy of the Sputter 
target are prepared by sectioning with an abrasive cutoff 
wheel, mounting the section in a polymeric material, rough 
grinding with SiC papers with progressively finer grits, final 
polishing with a diamond paste and then with an Al2O, SiO, 
Suspension. 
X-ray Diffractions 

X-ray diffraction studies are performed using a Phillips 
XPert Pro X-ray diffractometer. 
Any numerical values recited herein include all values 

from the lower value to the upper value in increments of one 
unit provided that there is a separation of at least 2 units 
between any lower value and any higher value. As an 
example, if it is stated that the amount of a component or a 
value of a process variable such as, for example, temperature, 
pressure, time and the like is, for example, from 1 to 90, 
preferably from 20 to 80, more preferably from 30 to 70, it is 
intended that values such as 15 to 85, 22 to 68, 43 to 51, 30 to 
32 etc. are expressly enumerated in this specification. For 
values which are less than one, one unit is considered to be 
0.0001, 0.001, 0.01 or 0.1 as appropriate. These are only 
examples of what is specifically intended and all possible 
combinations of numerical values between the lowest value 
and the highest value enumerated are to be considered to be 
expressly stated in this application in a similar manner. 

Unless otherwise stated, all ranges include both endpoints 
and all numbers between the endpoints. The use of “about” or 
“approximately in connection with a range applies to both 
ends of the range. Thus, “about 20 to 30” is intended to cover 
“about 20 to about 30, inclusive of at least the specified 
endpoints. 
The disclosures of all articles and references, including 

patent applications and publications, are incorporated by ref 
erence for all purposes. The term “consisting essentially of 
to describe a combination shall include the elements, ingre 
dients, components or steps identified, and Such other ele 
ments ingredients, components or steps that do not materially 
affect the basic and novel characteristics of the combination. 
The use of the terms “comprising or “including to describe 
combinations of elements, ingredients, components or steps 
herein also contemplates embodiments that consist essen 
tially of or consist of the elements, ingredients, components 
or steps. 

Plural elements, ingredients, components or steps can be 
provided by a single integrated element, ingredient, compo 
nent or step. Alternatively, a single integrated element, ingre 
dient, component or step might be divided into separate plural 
elements, ingredients, components or steps. The disclosure of 
“a” or “one' to describe an element, ingredient, component or 
step is not intended to foreclose additional elements, ingre 
dients, components or steps. 

It is understood that the above description is intended to be 
illustrative and not restrictive. Many embodiments as well as 
many applications besides the examples provided will be 
apparent to those of skill in the art upon reading the above 
description. The scope of the invention should, therefore, be 
determined not with reference to the above description, but 
should instead be determined with reference to the appended 
claims, along with the full scope of equivalents to which Such 
claims are entitled. The disclosures of all articles and refer 
ences, including patent applications and publications, are 
incorporated by reference for all purposes. The omission in 
the following claims of any aspect of Subject matter that is 
disclosed herein is not a disclaimer of such Subject matter, nor 
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should it be regarded that the inventors did not consider such 
subject matter to be part of the disclosed inventive subject 
matter. 

EXAMPLES 

Examples 1-10 

Molybdenum Titanium/Tantalum 

Example 1 illustrates a sputter target including molybde 
num, titanium and tantalum. Examples 2-9 illustrate depos 
ited films prepared from the sputter target of Example 1. 

Example 1 

Example 1 is a sputter target that is prepared by first blend 
ing molybdenum powder having a particle size of about 3-4 
um, tantalum powder having a particle size of about 45-90 
um, and titanium powder having a particle size of about 10-45 
um, to form a powder blend having about 80 atomic 96 molyb 
denum, about 10 atomic 96 titanium, and about 10 atomic '% 
tantalum. The blending is done in a V-blender for about 20 
minutes to obtain a homogeneous mixture of the three differ 
ent powders. The resulting powder blend is then consolidated 
by uniaxially pressing with an applied force of about 340,000 
kg into pellets having a diameter of about 95 mm (i.e., a 
pressure of about 470 MPa) at a temperature of about 23°C. 
The pressed pellet is then encapsulated in a can made of low 
carbon Steel and hot isostatically pressed at a temperature of 
about 1325° C. and a pressure of about 100 to about 120 MPa 
for about 4 hours. Thus prepared. Example 1 has a density 
which is greater than about 94% of the theoretical density. 
The consolidated material is then removed from the can and 
machined to a diameter of about 58.4 mm and a thickness of 
about 6.4 mm. 
The target includes at least one first phase containing 

greater than 50 atomic '% molybdenum, at least one second 
phase containing greater than 50 atomic '% titanium, and at 
least one third phase containing greater than about 50 atomic 
% tantalum. A scanning electron micrographs of the Sputter 
target using secondary electrons is illustrated in FIG.1. Scan 
ning electron micrographs of the Sputter target using back 
scattered electrons are illustrated in FIGS. 2, 3A, 4A, and 5A. 
As illustrated in these figures, the Sputter target may have a 
morphology including a continuous phase of molybdenum 
16, a discrete phase of tantalum rich regions (light regions) 
12, and a discrete phase of titanium rich regions (dark 
regions) 14. FIGS. The Sputter target is also analyzed using 
X-ray absorption spectroscopy for elemental analysis in dif 
ferent regions of the target. As illustrated in FIG. 3B, the 
sputter target includes a phase consisting essentially of 
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consists essentially of tantalum. As illustrated in FIGS. 1-5, 
the majority of the Sputter target may be the first phase (i.e., 
the phase containing 50 atomic 96 or more molybdenum) and 
the first phase may be a continuous phase. 

Near the interfaces between the pure metal phases, there 
may be alloy phases, such as an alloy phase of molybdenum 
and titanium, and an alloy phase of molybdenum and tanta 
lum. Without being bound by theory, it is believed that an 
alloy phases (e.g., the molybdenum/titanium alloy phase and 
the molybdenum?tantalum alloy phase) in the Sputter target 
may be formed during the hot isostatic pressing step by dif 
fusion of the metal elements (e.g., diffusion of the molybde 
num atoms into titanium domains and into tantalum domains) 

Examples 2-9 

Examples 2-9 illustrate a method that includes steps of 
sputtering a thin film layer using a sputter target as taught 
herein onto a substrate (e.g., a silicon-containing Substrate, or 
a glass-containing Substrate). Sputtering may be performed 
using a magnetron. In general, Sputtering will occur for about 
1 to about 240 minutes (preferably about 1 to about 40 min 
utes), under conditions of vacuum from about 1 to about 100 
mTorr pressure (preferably from about 2 to about 20 mTorr 
pressure), and a spacing between the Substrate and the Sputter 
target of about 5 to 300 mm (preferably about 20 to about 150 
mm. The resulting structure will have characteristics consis 
tent with examples 2-9 herein. 

Examples 2, 3, 4, 5, 6, 7, 8, and 9 are prepared by placing 
the Sputter target of Example 1 into a magnetron sputter 
deposition chamber using the conditions described in Table 1. 
The substrate is either a silicon wafer (100) orientation, or 
Corning 1737 glass. Prior to deposition, the substrate is 
cleaned by Successive rinsing in ultrasonic baths of acetone 
and ethyl alcohol. The substrates are then dried by blowing 
nitrogen gas. The Substrates are next loaded into the deposi 
tion chamber along with the Sputter target. The target is sput 
ter cleaned with an argon flow of at a pressure of about 5 
mTorr at 200 W DC for about 10 minutes. During the cleaning 
of the target, a shutter is placed in front of the target to prevent 
deposition onto the Substrate. 
When using the glass substrate, the substrate is etched by 

sputtering at 60 mTorr for 30 minutes to remove possible 
contamination on the Substrate Surface. 

After the Sputter cleaning of the target, the shutter is 
removed and the target material is sputtered onto the Substrate 
using 200 W, direct current, with the substrate at OV. 
grounded. The spacing between the Substrate and the target is 
maintained at about 76 mm. Sputtering times of 3 minutes and 
30 minutes, and chamber pressures of 5 and 8 mTorr are 
employed as shown in Table 1. 

TABLE 1. 

Deposition Conditions 

Example Number EX. 2 EX. 3 EX. 4 EX. S EX. 6 EX. 7 EX. 8 EX. 9 

Sputter Target 1 1 1 1 1 1 1 1 
Substrate-Si wafer 100 yes yes yes yes 
Substrate-Corning 1737 glass yes yes yes yes 
Chamber Pressure, mTorr 5 5 8 8 5 5 8 8 
Deposition time, min 3 30 3 30 3 30 3 30 

molybdenum. As illustrated in FIG. 4B, the sputter target 
includes a phase that consists essentially of titanium. As 
illustrated in FIG. 5B, the sputter target includes a region that 

65 FIG. 6A is a secondary electron Scanning electron micro 
graph at a magnification of about 50,000 that illustrates the 
Surface of the deposited layer of Example 7 using a deposition 
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pressure of about 5 mTorr and a deposition time of about 30 
minutes. As seen in FIG. 6A, the grains have an average grain 
size of about 125 nm. 

FIG. 6B is a secondary electron Scanning electron micro 
graph at a magnification of about 50,000 that illustrates the 
surface of the deposited layer of Example 9 using a deposition 
pressure of about 8 mTorr and a deposition time of about 30 
minutes. As seen in FIG. 6B, the grains have an average grain 
size of about 89 nm. 
As illustrated in FIGS. 6A and 6B, most of (e.g., essentially 

all of) the deposited molybdenum, most of (e.g., essentially 
all of) the deposited titanium, and most of (e.g., essentially all 
of) the deposited tantalum, are in one alloy phase that con 
tains over 50 atomic '% molybdenum. 

The cross-section of the deposited film of Example 9 using 
secondary electron Scanning electron microscopy at a mag 
nification of 10,000 is shown in FIG. 7. FIG. 7 illustrates that 
the deposited material has a columnar microstructure. The 
deposition rate of the Example 1 target onto the Substrates is 
about 62.4 nm/hr using the conditions of Examples 2 through 
9. The deposited films contains about 80 atomic '% molybde 
num, about 10 atomic '% titanium and about 10 atomic '% 
tantalum. 

The thin films (having a thickness of about 200 nm) depos 
ited by sputtering the Example 1 sputter target have an elec 
trical resistivity of about 26.5 LG2 cm and the thick films 
(having a thickness greater than about 1 um) have an electrical 
resistivity of about 22.6 LC2 cm. 
When etched in ferricyanide solution at about 25°C., the 

deposited films have an average etch rate of about 61 nm/min. 
The adhesion of the deposited film to the glass substrate 
varied from about 2 B to about 5 B, and the adhesion of the 
deposited film to the silicon substrate is about 5B. 

Example 10 

Example 10 is prepared by depositing a 200 nm molybde 
num containing layer from the Example 1 sputter target onto 
a silicon substrate followed by the depositing of a 500 nm 
copper (Cu) layer onto the molybdenum containing layer. The 
composition depth profile of the multilayered material is 
measured using Auger depth profile analysis. The sample is 
then annealed for 30 minutes at 350° C. and the Auger depth 
profile analysis is repeated. FIGS. 8A and 8B illustrates the 
Auger depth profile for Cu, Si, Mo, Ti, and Ta, before and after 
the annealing, respectively. FIG. 9A illustrates the Auger 
depth profile for Mo, Ti, Ta, and Cu, near the interface 
between the copper layer and the molybdenum containing 
layer, both before and after annealing. FIG.9B illustrates the 
Auger depth profile for Mo, Ti, Ta and Si near the interface 
between the silicon Substrate and the molybdenum containing 
layer, both before and after annealing. As seen in FIGS. 8A, 
8B, 9A, and 9B, the composition profile is about the same 
before and after the annealing step, and the molybdenum 
containing layer acts as a barrier to reduce and/or prevent the 
migration of Cu into the Si substrate and Si into the Cu layer. 
X-ray analysis of the sample after annealing shows that there 
is no detectable copper silicide. The annealing/Auger spec 
troscopy study illustrates the good barrier performance of the 
film deposited from the sputter target of Example 1. For 
example, the study illustrates the ability of the Mo—Ti Cr 
deposited film from the Example 1 sputter target to prevent 
the formation of copper silicide after annealing for 30 min 
utes at 350° C. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

26 
Examples 11-12 

Molybdenum (50%) and Titanium (50%) 

Example 11 

Comparative Example 11 is a sputter target including about 
50 atomic '% molybdenum and about 50 atomic 96 titanium. 
The Sputter target is prepared using the method described for 
Example 1, except only the titanium and molybdenum par 
ticles are used at an atomic ratio of 50:50 of Mo:Ti, and the 
target is hot isostatically pressed at a temperature of about 
1325° C. and a pressure of about 100 to about 120 MPa for 
about 4 hours. 

Example 12 

Example 12 is a 200 nm thick film deposited on a glass 
substrate using the method of Example 7, except the sputter 
target of Example 6 is used. The deposition rate is about 102.6 
nm/min. The electrical resistivity of the 200 nm thick film is 
about 79.8 LG2 cm. The adhesion of the deposited layer to 
glass is about 5B. The etch rate of the deposited layer is about 
77 mm/min. The deposited layer has a columnar morphology. 

Examples 13-25 

Molybdenum/Niobium/Tantalum 

Example 13 illustrates a sputter target including molybde 
num, niobium, and tantalum, and Examples 14-25 illustrate 
deposited films prepared from the Sputter target. 
Example 13 is a sputter target that is prepared by first 

blending molybdenum powder having a particle size of about 
3-4 lum, tantalum powderhaving aparticle size of about 45-90 
um, and niobium powder having a particle size of about 10-45 
um to form a powder blend having about 80 atomic 96 molyb 
denum, about 10 atomic '% niobium, and about 10 atomic '% 
tantalum. The blending is done in a V-blender for about 20 
minutes to obtain a homogeneous mixture of the three differ 
ent powders. The resulting powder blend is then consolidated 
by uniaxially pressing with an applied force of about 340,000 
kg into pellets having a diameter of about 95 mm (i.e., a 
pressure of about 470 MPa) at a temperature of about 23°C. 
The pressed pellet is then encapsulated in a can made of low 
carbon steel and hot isostatically pressed at a temperature of 
about 1325° C. and a pressure of about 100 to about 120 MPa 
for about 4 hours. Thus prepared. Example 13 has a density 
which is greater than about 94% of the theoretical density. 
The consolidated material is then removed from the can and 
machined to a diameter of about 58.4 mm and a thickness of 
about 6.4 mm. 

Examples 14-25 are prepared by placing the Sputter target 
of Example 13 into a magnetron Sputter deposition chamber 
using the conditions described in Tables 2A and 2B. The 
substrate is either a silicon wafer (100) orientation, or Corn 
ing 1737 glass. Prior to deposition, the substrate is cleaned by 
Successive rinsing in ultrasonic baths of acetone and ethyl 
alcohol. The substrates are then dried by blowing nitrogen 
gas. The Substrates are next loaded into the deposition cham 
ber along with the Sputter target. The target is sputter cleaned 
with an argon flow of at a pressure of about 5 mTorr at 200 W 
DC for about 10 minutes. During the cleaning of the target, a 
shutter is placed in front of the target to prevent deposition 
onto the substrate. 
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When using the glass substrate, the substrate is etched by 
sputtering at 60 mTorr for 30 minutes to remove possible 
contamination on the Substrate Surface. 

After the Sputter cleaning of the target, the shutter is 
removed and the target material is sputtered onto a substrate 5 
using 300 W, direct current, with the substrate at OV. 
grounded. The spacing between the Substrate and the target is 
maintained at about 121 mm. Sputtering times of about 5 
minutes and about 30 minutes, and chamber pressures of 
about 3, about 5 and about 8 mTorrare employed as shown in 10 
Tables 2A and 2B. 

TABLE 2A 

Deposition conditions using the sputter target 

28 
given in Table 2A. The average etch rate for the films prepared 
with the Example 1 sputter target is about 478 in m/min. 

Example 26 

Molybdenum/Titanium/Chromium 

The Sputter target of Example 26 is prepared using the 
method of Example 1 except the tantalum powder is replaced 
with chromium powder having a particle size of about 10-45 
um. Deposited films are then prepared using the methods of 

of Example 13 target on silicon substrate. 

Example Number EX. 14 EX. 1S EX. 16 EX. 17 EX. 18 

Sputter Target EX. 13 EX.13 EX. 13 EX. 13 EX. 13 
Substrate-Si wafer 100 yes yes yes yes yes 
Substrate-Corning 1737 glass 
Chamber Pressure, mTorr 3 3 5 5 8 
Deposition time, min 5 30 5 30 5 
Thickness, Im O.2 1.O O.2 1.1 O.2 
Etch rate, nimmin 447 484 

TABLE 2B 

Deposition conditions using the sputter target 

EX. 19 

EX. 13 
yes 

8 
30 
1.3 

502 

of Example 7A target on glass Substrate. 

Example Number EX. 20 EX. 21 EX.22 EX. 23 EX. 24 

Sputter Target EX. 13 EX.13 EX. 13 EX. 13 EX. 13 
Substrate-Si wafer 100 
Substrate-Corning 1737 glass yes yes yes yes yes 
Chamber Pressure, mTorr 3 3 5 5 8 
Deposition time, min 5 30 5 30 5 
Resistivity, IS2 cm 18.0 17.3 19.4 17.9 20.1 

In Examples 14-25, the deposited layers are deposited at a 
deposition rate of about 33 to about 41 nm/min. Samples 
prepared with a deposition time of about 5 minutes have a 
thickness of about 200 nm. Samples prepared with a deposi 
tion time of about 30 minutes have a thickness of about 900 to 
about 1300 nm. The adhesion to the glass substrate of the 
Example 22 prepared at a pressure of about 5 mTorr is about 
4 B. The adhesion to the glass substrate of the Examples 20 
and 24 prepared at a pressure of 3 and 8 mTorr respectively is 
about 5 B. The adhesion to the silicon substrate of Example 
14, 16 and 18 prepared at pressure of 3, 5 and 8 mTorr so 
respectively is about 5 B. 
The electrical resistivity of the deposited layers is given in 

Table 2B for Examples 20-25. The average electrical resis 
tivity of the deposited layer on the glass substrate is about 
19.2 LG2 cm for the layers having a thickness from about 100 
to about 200 nm and about 18.2 LC2 cm for the samples having 
a thickness greater than about 0.9 m. The uniformity of the 
electrical resistivity is measured on Example 16, by measur 
ing the electrical resistivity at multiple locations on the 3" 
wafer. The uniformity of the electrical resistivity is the ratio of 60 
the standard deviation of the electrical resistivity to the aver 
age electrical resistivity. The uniformity of the electrical 
resistivity of Example 4 is about 0.07. 
The etch rate of the deposited layers in ferricyanide solu 

tion for Examples 15, 17, and 19 are measured at 25°C. The 
etch rates are determined by dividing the change in thickness 
by the etching time. The etch rates, in units of nm/min are 
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EX. 25 

EX. 13 

yes 
8 

30 
19.5 

Examples 2-9, except the Sputter target including molybde 
num, titanium, and chromium is employed. The deposited 
films have an etch rate (ferricyanide solution at about 25°C.) 
of about 13 nm/min. The deposited films have an adhesion to 
glass of about 4 B-5 B. The deposited films have an adhesion 
to silicon of about 5B. The deposited films have a grain size 
of about 70-79 nm. The deposited films have an electrical 
conductivity of about 31.0 LG2 cm (for 200 nm thick films) 
and about 27.1 uS2 cm (for 1 um thick films). 

What is claimed is: 
1. A sputter target comprising: 
i) about 40 atomic 96 or more-molybdenum, based on the 

total number of atoms in the Sputter target; 
ii) about 1 atomic '% or more titanium; and 
iii) greater than 5 atomic 96 of a third metal element, based 

on the total number of atoms in the Sputter target, 
wherein the third metal element is tantalum or chro 
mium; 

wherein the total concentration of the molybdenum, tita 
nium, and third metal element is about 95 atomic '% or 
more, based on the total number of atoms in the sputter 
target; so that the Sputter target may be used for prepar 
ing a deposited film including an alloy, the alloy com 
prising molybdenum, titanium, and the third metal ele 
ment. 

2. The spatter target of claim 1, wherein the third metal 
element is tantalum. 
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3. The sputter target of claim 1, wherein the third metal 
element is chromium. 

4. The sputter target of claim 3, wherein the total concen 
tration of titanium and the third metal element is bout 45 
atomic '% or less based on the total number of atoms in the 
sputter target; and the concentration of molybdenum is less 
than 85 atomic percent. 

5. The sputter target of claim 1, wherein the concentration 
of molybdenum in the sputter target is about 50 atomic '% or 
O. 

6. The sputter target of claim 5, wherein the sputter to at is 
substantially free of niobium or contains less than 10 atomic 
% niobium. 

7. The sputter target of claim 5, wherein the concentration 
of titanium from about 5 atomic '% to about 25 atomic '% 
based on the total number of atoms in the Sputter target, and 
wherein the concentration of the third metal element is from 
5 atomic 96 to about 5 atomic 96 based on the total number of 
atoms in the Sputter target. 

8. The sputter target of claim 1, wherein rein the sputter 
target includes: 

i) about 40% or more by volume of a first phase based on 
the total volume of the sputter target, wherein the first 
phase includes molybdenum at a concentration of about 
50 atomic 96 or more, based on the total number of atoms 
in the first phase; 

ii) about 1 to abort 40% by volume of a second phase based 
on the total volume of the sputter target, wherein the 
second phase includes titanium at a concentration of 
about 50 atomic 96 or more, based on the total number of 
atoms in the second phase; and 

iii) about 1 to about 40% by volume of a third phase based 
on the total volume of the sputter target, wherein the 
third phase includes about 50 atomic '% or more of the 
third metal element, based on the total number of atoms 
in the third phase. 

9. The sputter target of claim 8, wherein the concentration 
of molybdenum in the sputter target is about 50 atomic '% or 
more, the second phase is present at a concentration of 5 
volume % or more, based on the total volume of the sputter 
target, and wherein the third phase is present at a concentra 
tion of 5 volume or more, based on the total volume of the 
sputter target. 

10. The sputter target of claim 8, wherein the third metal 
element is chromium, the second phase is a discrete phase, 
and the third phase is a discrete phase. 

11. The sputter target of claim 8, wherein the third metal 
element is tantalum, the second phase is a discrete phase, the 
third phase is a discrete phase, and the first phase is a con 
tinuous phase. 

12. The sputter target of claim 11, wherein the sputter target 
is capable of depositing by Sputtering using a magnetron a 
deposition layer of about 200 nm in thickness on a clean 
silicon wafer, the deposition layer having an etch rate in 
ferricyanide solution at 25°C. of about 65 nm/min or less. 

13. The sputter target of claim 12, wherein the putter target 
is capable of depositing by Sputtering using a magnetron a 
deposition layer of about 200 nm in thickness on a clean 
silicon wafer, the deposition layer having an electrical resis 
tivity that is less than the electrical resistivity of a deposition 
layer having the same thickness prepared from a sputter target 
consisting of 50 atomic '% molybdenum and 50 atomic '% 
titanium. 

14. The sputter target of claim 13, wherein the sputter target 
has a length of about 1 m or more and is formed by a process 
that includes a step of rolling. 

15. A method or making a sputter target of claim 8, com 
prising the steps of: 
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a. blending first particles containing at least 50 atomic 96 of 

molybdenum, second particles containing at least 50 
atomic '% of titanium, and third particles containing at 
least 50 atomic 9% of the third metal element; 

b. heating the blended particles to a predetermined tem 
perature; 

c. applying a predetermined pressure to the blended par 
ticles for a predetermined time to form a heterogeneous 
material; and 

d. rolling the heterogeneous material to increase at least the 
length of the material; wherein the predetermined pres 
sure is at least about 5000 psi, the predetermined tem 
perature is about 1100° C. or more, and the predeter 
mined time is about 1 hour or more. 

16. A process comp sing the step of: 
depositing film on a Substrate by Sputtering the Sputter 

target of claim 1. 
17. An article including a Substrate and a deposited layer, 

wherein the deposited layer is deposited from a sputter target 
of claim 1, and the deposited layer includes an alloy including 
molybdenum, titanium, and the third metal element. 

18. The article of claim 17, wherein the deposited layer has 
an etch rate in ferricyanide solution at 25° C. of about 65 
nm/min or less. 

19. The article of claim 17, wherein the deposited layer has 
are electrical resistivity of 40 LG2 cm or less. 

20. A process comprising the step of etching the molybde 
num containing layer of the article of claim 17 at a rate of less 
than about 65 nm/min. 

21. A sputter target comprising: 
i. from about 40 atomic to less than 85 atomic '% molyb 

denum, based on the total number of atoms in the sputter 
target: 

ii. about 1 atomic 96 or more titanium, based on the total 
number of stoma in the Sputter target, and 

iii. 5 atomic 96 or more tantalum, based on the total number 
of atoms in the Sputter target; so that the Sputter target 
may be used for preparing a deposited film including an 
alloy, the alloy comprising molybdenum, titanium, and 
tantalum. 

22. A sputter target comprising: 
i) about 40 atomic 96 or more-molybdenum, based on the 

total number of atoms in the Sputter target; 
ii) about 1 atomic '% or more titanium; and 
iii) greater than 1 atomic '% tantalum, based on the total 
number of atoms in the Sputter target; so that the Sputter 
target may be used for preparing a deposited film includ 
ing an alloy, the alloy comprising molybdenum, tita 
nium, and the third metal element; 

wherein the Sputter target includes: 
a) about 40% or more by volume of a first phase based on 

the total volume of the sputter target, wherein the first 
phase includes molybdenum at a concentration of about 
50 atomic 96 or more, based on the total number of atoms 
in the first phase: 

b) about 1 to about 40% by volume of a second phase based 
on the total volume of the sputter target, wherein the 
second phase includes titanium at a concentration of 
about 50 atomic 96 or more, based on the total number of 
atoms in the second phase; and 

c) about 1 to about 40% by volume of a third phase based 
on the total volume of the sputter target, wherein the 
third phase includes about 50 atomic '% or more of the 
third metal element, based on the total number of atoms 
in the third phase. 

k k k k k 
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